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CROSS-REFERENCE TO RELATED APPLICATIONS 
Not applicable. 



STATEMENT REGARDING FEDERALLY-SPONSORED R&D 
Not applicable. 

10 REFERENCE TO MICROFICHE APPENDIX 
Not applicable. 

FIELD OF THE INVENTION 

The present invention is directed to novel human DNA sequences 
15 encoding a voltage-gated potassium channel. 

BACKGROUND OF THE INVENTION 

Voltage-gated potassium channels form transmembrane pores that 
open in response to changes in cell membrane potential and selectively allow 

20 potassium ions to pass through the membrane. Many voltage-gated potassium 

channels have been identified. They are distinguishable by tissue-specific patterns of 
expression as well as by electrophysiological and pharmacological properties. 

Voltage-gated potassium channels have been shown to be involved in 
maintaining cell membrane potentials and controlling the repolarization of action 

25 potentials in many cells, e.g., neurons, muscle cells, and pancreatic |3 cells. They are 
important targets for drug discovery in connection with a variety of diseases. 

Functional voltage-gated potassium channels are believed to be 
tetramers of four alpha subunits, each of which contains six transmembrane spanning 
segments. The alpha subunits making up a tetramer may be the same (in the case of 

30 homotetramers) or may be different (in the case of heterotetramers). The membrane- 
spanning alpha subunits making up the tetramers may sometimes be associated with 
additional, beta subunits, which may alter the behavior of the tetramers. 
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For reviews of voltage-gated potassium channels see Robertson, 1997, 
Trends Pharmacol. Sci. 18:474-483; Jan & Jan, 1997, J. Physiol. 505:267-282; 
Catterall, 1995, Ann. Rev. Biochem. 64:493-531. 

Macular dystrophy is a term applied to a heterogeneous group of 
5 diseases that collectively are the cause of severe visual loss in a large number of 

people. A common characteristic of macular dystrophy is a progressive loss of central 
vision resulting from the degeneration of the pigmented epithelium underlying the 
retinal macula. In many forms of macular dystrophy, the end stage of the disease 
results in legal blindness. More than 20 types of macular dystrophy are known: e.g., 
10 age-related macular dystrophy, Stargardt's and Stargardt-like macular dystrophy, 
cone-rod dystrophies, atypical vitelliform macular dystrophy (VMD1), Usher 
Syndrome Type IB, autosomal dominant neovascular inflammatory vitreoretinopathy, 
familial exudative vitreoretinopathy, and Best's macular dystrophy. For a review of 
3 the macular dystrophies, see Sullivan & Daiger, 1996, Mol. Med. Today 2:380-386. 

i 15 Cone-rod dystrophies involve an initial loss of cone photoreceptors 

p followed by the degeneration of rod photoreceptors. This loss of photoreceptors can 

; lead to blindness. Cone-rod dystrophies appear to be a heterogeneous group of 

inherited disorders for which multiple chromosomal locations have been implicated 
(Evans et ah, 1994, Nature Genet. 6:210-213; Kelsell et al., 1997, Hum. Mol. Genet. 
20 6:597-600). In particular, Kelsell et al., 1998, Am. J. Hum. Genet. 63:274-279 found 
a candidate gene (CORD7) located at chromosome 6q in a four-generation British 
family affected with cone-rod dystrophy. A marker in 6q, D6S280, showed a high 
LOD score of 3.31 (at genetic distance = 0). 

Stargardt-like macular dystrophy is an inherited, dominant retinal 
25 disease. Affected individuals have normal vision in early childhood but show 
impaired central vision either in late childhood or early adulthood. The first 
observable characteristics of the disease are flecks seen in the macula. This is 
followed by central atrophy, resulting in visual acuity decreasing to 20/200 or worse 
(Stone et al., Arch. Ophthalmol. 1 12:765-772 [Stone]). Stone mapped a gene 
30 responsible for Stargardt-like macular dystrophy to chromosome 6q. The marker 

D6S280 was observed by Stone to have the high LOD score of 5.5 (at genetic distance 
= 0). 

Cone-rod dystrophy and Stargardt-like macular dystrophy appear 
different from a clinical perspective. For example, Stargardt-like macular dystrophy 
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generally begins in childhood and involves white/yellow flecks in the retina while 
cone-rod dystrophy is an adult-onset disorder in which no flecks are present. Despite 
such clinical differences, both diseases may be caused by mutations in the same gene. 
It is not uncommon for different mutations in a single gene to give rise to clinically 
5 different disorders. For example, depending upon the particular mutation, mutations 
in the peripherin/RDS gene can give rise to either butterfly-shaped pigment dystrophy 
of the fovea, retinitis pigmentosa, pattern dystrophy, flavus maculatus, macular 
dystrophy, or central areolar choroidal dystrophy (Nichols et al., 1993, Nature Genet. 
3:202-207; Weleber et al., 1993, Arch. Ophtalmol. 111:1531-1542; Wells et ah, 

10 1993, Nature Genet. 3:213-218; Reig et al., 1995, Ophthalmic. Genet. 16:39-44). 

While studies of macular dystrophies such as cone-rod dystrophy or 
Stargardt-like macular dystrophy are valuable in themselves, such studies are also 
valuable in that they are expected to shed light on age-related macular degeneration 
(AMD). AMD is the leading cause of severe visual loss in older individuals. Genetic 

15 factors apparently play a role in AMD (Hyman et al., 1983, Am. J. Epidemiol. 

118:213-227; Gass, 1973, Arch. Ophthamol. 90:206-217). It is believed likely that 
mild allelic variations of such earlier-onset diseases as cone-rod dystrophy and 
Stargardt-like macular dystrophy are responsible for some cases of AMD. Thus, 
understanding and developing treatments for these earlier-onset diseases should prove 

20 valuable with respect to AMD as well. 

Salla disease is a recessive condition characterized by early-onset 
psychomotor retardation and ataxia that involves defects in the lysosomal transport of 
sialic acid. Leppanen et al., 1996, Genomics 37:62-67 (Leppanen ) located the gene 
for Salla disease in the immediate vicinity of the marker D6S280. Leppanen screened 

25 a PAC library with the marker D6S280 and obtained three positive clones, among 

which were PAC 141B1 and PAC 224H23, strongly suggesting that the gene for Salla 
disease is present on these PACs. 

SUMMARY OF THE INVENTION 
30 The present invention is directed to novel human DNA sequences 

encoding a voltage-gated potassium channel, KCNQ5, located in a chromosomal 
region that contains a gene associated with Stargardt-like macular dystrophy, cone-rod 
macular dystrophy, and Salla disease. 



-3- 



WO 00/61606 



PCTYUSOO/09587 



The present invention includes genomic KCNQ5 DNA as well as 
cDNA that encodes the KCNQ5 protein. The human genomic KCNQ5 DNA is 
substantially free from other nucleic acids and has the nucleotide sequence shown in 
SEQ.ID.NO.:!. The human cDNA encoding KCNQ5 protein is substantially free 
5 from other nucleic acids and has the nucleotide sequence shown in SEQ.ID.NO.:2. 
Also provided is KCNQ5 protein encoded by the novel DNA sequences. The human 
KCNQ5 protein is substantially free from other proteins and has the amino acid 
sequence shown in SEQ.ID.NO.:3. Methods of expressing KCNQ5 protein in 
recombinant systems are provided as well as methods of identifying activators and 
10 inhibitors of KCNQ5 protein function. Also provided are diagnostic methods that 
detect carriers of mutant KCNQ5 genes. 

O BRIEF DESCRIPTION OF THE DRAWINGS 

v 3 Figure 1 A-AO shows the genomic DNA sequence of human KCNQ5 

W 15 (SEQ.ID.NO.:l). Underlined nucleotides in capitals represent exons. The start ATG 

| codon in exon 1 and the stop TAA codon in exon 14 are shown in bold italics. The 
D6D280 genetic marker and a phosphoglycerate pseudogene are underlined in bold. 

JSP. 

* y The exact lengths of the gaps between exons 1 and 2, 2 and 3, 10 and 11,11 and 12, 

3 

O 12 and 13 > and 13 311(1 14 are unknown. These gaps are represented as runs of ten 

T J 20 bold ns for the sake of convenience. 

;1 Figure 2A-E shows the nucleotide sequence (SEQ.ID.NO. :2) and 

U encoded amino acid sequence (SEQ.ID.NO.:3) of human KCNQ5 cDNA. The ATG 

§ y start codon is at position 138; the TAA stop codon is at position 2,676. 

Figure 3 A shows the results of a Northern blot of KCNQ5 mRNA 
25 expression in various human tissues. Figure 3B shows the results of RT-PCR analysis 
of KCNQ5 mRNA expression in various human tissues. 

Figure 4A shows a sequence alignment of human KCNQ5 protein 
(SEQ.ID.NO.:3) with human KCNQ4 protein (SEQ.ID.NO.:4). The consensus 
sequence shown is (SEQ.ID.NO.:5). Figure 4B-C shows a multiple sequence 
30 alignment between human KCNQ5 protein (SEQ.ID.NO.:3), human KCNQ1 protein 
(SEQ.ID.NO. :43), human KCNQ2 protein (SEQ.ID.NO.:6), human KCNQ3 protein 
(SEQ.ID.NO.:7), and human KCNQ4 protein (SEQ.ID.NO.:4). The consensus 
sequence shown is (SEQ.ID.NO.: 8). 
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DETAILED DESCRIPTION OF THE INVENTION 
For the purposes of this invention: 

"Substantially free from other proteins" means at least 90%, preferably 
95%, more preferably 99%, and even more preferably 99.9%, free of other proteins. 
5 Thus, a KCNQ5 protein preparation that is substantially free from other proteins will 
contain, as a percent of its total protein, no more than 10%, preferably no more than 
5%, more preferably no more than 1%, and even more preferably no more than 0.1%, 
of non- KCNQ5 proteins. Whether a given KCNQ5 protein preparation is 
substantially free from other proteins can be determined by such conventional 

10 techniques of assessing protein purity as, e.g., sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) combined with appropriate detection methods, e.g., 
silver staining or immunoblotting. 

"Substantially free from other nucleic acids" means at least 90%, 
preferably 95%, more preferably 99%, and even more preferably 99.9%, free of other 

15 nucleic acids. Thus, a KCNQ5 DNA preparation that is substantially free from other 
nucleic acids will contain, as a percent of its total nucleic acid, no more than 10%, 
preferably no more than 5%, more preferably no more than 1%, and even more 
preferably no more than 0.1%, of non- KCNQ5 nucleic acids. Whether a given 
KCNQ5 DNA preparation is substantially free from other nucleic acids can be 

20 determined by such conventional techniques of assessing nucleic acid purity as, e.g., 
agarose gel electrophoresis combined with appropriate staining methods, e.g., 
ethidium bromide staining, or by sequencing. 

A "conservative amino acid substitution" refers to the replacement of 
one amino acid residue by another, chemically similar, amino acid residue. Examples 

25 of such conservative substitutions are: substitution of one hydrophobic residue 
(isoleucine, leucine, valine, or methionine) for another; substitution of one polar 
residue for another polar residue of the same charge (e.g., arginine for lysine; 
glutamic acid for aspartic acid); substitution of one aromatic amino acid (tryptophan, 
tyrosine, or phenylalanine) for another. 

30 A polypeptide has "substantially the same biological activity as 

KCNQ5" if that polypeptide conducts a voltage-gated potassium current when 
expressed in appropriate cell types and has an amino acid sequence that is at least 
about 50% identical to SEQ.ID.NO.:3 when measured by such standard programs as 
BLAST or FASTA. 
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The present invention relates to the identification and cloning of 
KCNQ5, a gene encoding a novel voltage-gated potassium channel. The human 
KCNQ5 gene is located on chromosome 6ql4, in a chromosomal region that contains 
genes that have been linked with the occurrence of at least three diseases: Stargardt- 
5 like macular dystrophy, cone-rod dystrophy, and Salla disease. 

The human KCNQ5 gene is present on PAC clones from chromosomal 
region 6ql4. PAC141B1 was sequenced and KCNQ5 was found based on homology 
between the genomic sequences of KCNQ5 present in PAC 141 Bl and the sequences 
of known potassium channel genes. PAC 141B1 is available from Research Genetics, 

10 Inc., Huntsville, AL, as an individual clone from the RPCI4,5,6 Library (catalog 

number CTLI.C). Using PCR primers derived from the KCNQ5 sequence, a cDNA 
sequence representing the coding region as well as a large portion of the 3'-UTR of 
KCNQ5 was isolated from a human fetal brain cDNA library. Comparison of this 
cDNA clone with the genomic sequences present in PAC141B1, as well as KCNQ5 

15 sequences found in PAC224H23, showed that exons 3-11 and portions of flanking 

intronic regions are present in PAC141B1. Exon 2 and flanking intronic regions were 
found in PAC224H23, while the rest of the KCNQ5 gene (exons 1, 12-14, and 
flanking intronic regions) was recovered from total human genomic DNA by using 
cDNA primers and a GenomeWalker kit from Clontech, Palo Alto, CA. 

20 PAC 14 IB 1 and PAC224H23 are located in the region of the Salla 

disease gene (Leppanen et aL, 1996, Genomics 37:62-67). PAC141B1 contains the 
polymorphic genetic marker D6S280 that is located in intron 3 of the KCNQ5 gene 
between exons 3 and 4 (Figure 1). D6S280 is the marker that detects the maximum 
LOD score of 5.5 (at genetic distance = 0) in families with Stargardt-like macular 

25 dystrophy (Stone et ah, Arch. Ophthalmol. 1 12:765-772). D6S280 also detects a 
LOD score of 3.31 (at genetic distance = 0) in families with cone-rod dystrophy 
(Kelsell et aL, 1998, Am. J. Hum. Genet. 63:274-279). These LOD scores indicate 
that D6S280 is very closely linked to, and probably is within, the gene for Stargardt- 
like macular dystrophy and cone-rod dystrophy. In view of these findings, it is likely 

30 that KCNQ5 is involved in Salla disease, Stargardt-like macular dystrophy, and cone- 
rod dystrophy. 

That KCNQ5 should be involved with these three diseases is 
consistent with its expression pattern (see Figure 3A-B) which shows that KCNQ5 is 
expressed predominately in the retina and brain, in addition to being expressed in the 
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skeletal muscle. Stargardt-like macular dystrophy and cone-rod dystrophy are 
inherited retinal diseases while Salla disease is a disorder that is characterized by 
early onset psychomotor retardation and ataxia. 

Bioinformatic analysis revealed a striking homology of the KCNQ5 
5 protein to a group of voltage gated potassium channels (KCNQ1, KCNQ2, KCNQ3, 
and KCNQ4; see Figure 4A-B). All of the typical amino acid motifs of these 
potassium channels are preserved in KCNQ5. A Kyte-Doolittle algorithm analysis 
predicts a transmembrane organization for KCNQ5 that is typical for this group of 
potassium channels. Mutations in members of this family of potassium channels have 
10 been shown to result in inherited disease (KCNQ2 and KCNQ3, epilepsy [Biervert et 
al., 1998, Science 279:403-406; Singh et al., 1998, Nature Genet. 18:25-29; Schroeder 
et al., Nature 1998, 396:687-690]; KCNQ4, a form of nonsyndromic dominant 
Q deafness [Kubisch et al., 1999, Cell 96:437-446], KCNQ1, congenital long QT 

v n syndrome which causes cardiac arrhythmias and sudden death [Splawski et al., 1997, 

W 15 N. Engl. J. Med. 336:1562-1567]). 

The present invention provides DNA encoding KCNQ5 that is 
%Q substantially free from other nucleic acids. The present invention also provides 

- y recombinant DNA molecules encoding KCNQ5. The present invention provides 

DNA molecules substantially free from other nucleic acids comprising the nucleotide 
20 sequence shown in Figure 1 as SEQ.ID.NO.:l. Analysis of SEQ.ED.NO.rl revealed 
that this genomic sequence defines a gene having 14 exons. These exons collectively 
have an open reading frame that encodes a protein of 846 amino acids. 

The present invention includes cDNA encoding KCNQ5 protein. Such 
a cDNA is shown in Figure 2 as SEQ.ID.NO.:2. The present invention therefore 
25 includes DNA comprising the nucleotide sequence SEQJD.NO.:2. The DNA can be 
isolated or substantially free of other DNA sequences. 

The present invention includes DNA molecules substantially free from 
other nucleic acids comprising the coding region of SEQJD.NO.:2. Accordingly, the 
present invention includes DNA molecules substantially free from other nucleic acids 
30 having a sequence comprising positions 138-2,675 of SEQ.K>.NO.:2. Also included 
are recombinant DNA molecules having a nucleotide sequence comprising positions 
138-2,675 of SEQ.K).NO.:2 and isolated DNA molecules having a nucleotide 
sequence comprising positions 138-2,675 of SEQ.BD.NO.:2. 
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The novel DNA sequences of the present invention encoding KCNQ5, 
in whole or in part, can be linked with other DNA sequences, i.e., DNA sequences to 
which KCNQ5 is not naturally linked, to form "recombinant DNA molecules" 
encoding KCNQ5. Such other sequences can include DNA sequences that control 
5 transcription or translation such as, e.g., translation initiation sequences, promoters 
for RNA polymerase n, transcription or translation termination sequences, enhancer 
sequences, sequences that control replication in microorganisms, sequences that 
confer antibiotic resistance, or sequences that encode a polypeptide "tag" such as, 
e.g., a polyhistidine tract or the myc epitope. The novel DNA sequences of the 

10 present invention can be inserted into vectors such as plasmids, cosmids, viral 
vectors, PI artificial chromosomes, or yeast artificial chromosomes. 

Included in the present invention are DNA sequences that hybridize to 
at least one of SEQ.ID.NO:l or SEQJD.NO:2 under stringent conditions. By way of 
example, and not limitation, a procedure using conditions of high stringency is as 

15 follows: Prehybridization of filters containing DNA is carried out for 2 hr. to 

overnight at 65°C in buffer composed of 6X SSC, 5X Denhardt's solution, and 100 
fig/ml denatured salmon sperm DNA. Filters are hybridized for 12 to 48 hrs at 65°C 
in prehybridization mixture containing 100 /ig/ml denatured salmon sperm DNA and 
5-20 X 10 6 cpm of 32 P-labeled probe. Washing of filters is done at 37°C for 1 hr in a 

20 solution containing 2X SSC, 0.1% SDS. This is followed by a wash in 0.1X SSC, 
0.1% SDS at 50°C for 45 min. before autoradiography. 

Other procedures using conditions of high stringency would include 
either a hybridization carried out in 5XSSC, 5X Denhardt's solution, 50% formamide 
at 42°C for 12 to 48 hours or a washing step carried out in 0.2X SSPE, 0.2% SDS at 

25 65°C for 30 to 60 minutes. 

Reagents mentioned in the foregoing procedures for carrying out high 
stringency hybridization are well known in the art. Details of the composition of 
these reagents can be found in, e.g., Sambrook, Fritsch, and Maniatis, 1989, 
Molecular Cloning: A Laboratory Manual , second edition, Cold Spring Harbor 

30 Laboratory Press. In addition to the foregoing, other conditions of high stringency 
which may be used are well known in the art. 

The degeneracy of the genetic code is such that, for all but two amino 
acids, more than a single codon encodes a particular amino acid. This allows for the 
construction of synthetic DNA that encodes the KCNQ5 protein where the nucleotide 
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sequence of the synthetic DNA differs significantly from the nucleotide sequences of 
SEQ.ID.NO:2, but still encodes the same KCNQ5 protein as SEQ.ID.NO:2. Such 
synthetic DNAs are intended to be within the scope of the present invention. 

Mutated forms of SEQJD.NO.l or SEQ.ID.NO:2 are intended to be 
5 within the scope of the present invention. In particular, mutated forms of 

SEQ.ID.NO:! or SEQ.BD.NO:2 which give rise to Stargardt-like macular dystrophy, 
cone-rod dystrophy, Salla disease, or age-related macular degeneration are within the 
scope of the present invention. 

Another aspect of the present invention includes host cells that have 
10 been engineered to contain and/or express DNA sequences encoding KCNQ5 protein. 
Such recombinant host cells can be cultured under suitable conditions to produce 
KCNQ5 protein. An expression vector containing DNA encoding KCNQ5 protein 
can be used for expression of KCNQ5 protein in a recombinant host cell. 
Recombinant host cells may be prokaryotic or eukaryotic, including but not limited to, 
W 15 bacteria such as E. coli, fungal cells such as yeast, mammalian cells including, but not 

2 limited to, cell lines of human, bovine, porcine, monkey and rodent origin, amphibian 

, ri cells such as Xenopus oocytes, and insect cells including but not limited to 

J Drosophila and silkworm derived cell lines. Cells and cell lines which are suitable 

f ^ for recombinant expression of KCNQ5 protein and which are widely mavailable, 

?U 20 include but are not limited to, L cells L-M(TK~) (ATCC CCL 1.3), L cells L-M 

H (ATCC CCL 1.2), 293 (ATCC CRL 1573), Raji (ATCC CCL 86), CV-1 (ATCC CCL 

p 70), COS-1 (ATCC CRL 1650), COS-7 (ATCC CRL 1651), CHO-K1 (ATCC CCL 

61), 3T3 (ATCC CCL 92), N1H/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2), 
C127I (ATCC CRL 1616), BS-C-1 (ATCC CCL 26), MRC-5 (ATCC CCL 171), 
25 ARPE-19 human retinal pigment epithelium (ATCC CRL-2302), Xenopus 
melanophores, and Xenopus oocytes. 

A variety of mammalian expression vectors can be used to express 
recombinant KCNQ5 in mammalian cells. Commercially available mammalian 
expression vectors which are suitable include, but are not limited to, pMClneo 
30 (Stratagene), pSG5 (Stratagene), pcDNAI and pcDNAIamp, pcDNA3, pcDNA3. 1 , 
pCR3.1 (Invitrogen),EBO-pSV2-neo (ATCC 37593), pBPV-l(8-2) (ATCC 37110), 
pdBPV-MMTneo(342-12) (ATCC 37224), pRSVgpt (ATCC 37199), pRSVneo 
(ATCC 37198), and pSV2-dhfr (ATCC 37146). Another suitable vector is the PT7TS 
oocyte expression vector. Following expression in recombinant cells, KCNQ5 can 
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be purified by conventional techniques to a level that is substantially free from other 
proteins. 

Certain voltage-gated potassium channel subunits have been found to 
require the expression of other voltage-gated potassium channel subunits as 
5 "chaperones" in order to be properly expressed at high levels and inserted in 
membranes. For example, co-expression of KCNQ3 appears to enhance the 
expression of KCNQ2 in Xenopus oocytes (Wang et ah, 1998, Science 282:1890- 
1893). Also, some voltage-gated potassium channel Kvla subunits require other 
related alpha subunits or Kvp2 subunits (Shi et al., 1995, Neuron 16:843-852). 
10 Accordingly, the recombinant expression of the KCNQ5 protein may under certain 
circumstances benefit from the co-expression of other voltage-gated potassium 
channel proteins and such co-expression is intended to be within the scope of the 
present invention. 

The present invention includes KCNQ5 protein substantially free from 
15 other proteins. The amino acid sequence of the full-length KCNQ5 protein is shown 
in Figure 2 as SEQTD.NO.-.3. Thus, the present invention includes KCNQ5 protein 
substantially free from other proteins having the amino acid sequence SEQ.H).NO.:3. 
3 The present invention also includes isolated KCNQ5 protein having the amino acid 

^ sequence SEQ.ID.NO.:3. 

y 20 Mutated forms of KCNQ5 proteins are intended to be within the scope 

of the present invention. In particular, mutated forms of SEQ.ED.NO:3 that give rise 
to Stargardt-like macular dystrophy, cone-rod dystrophy, Salla disease, or age-related 
U macular degeneration are within the scope of the present invention. 

As with many proteins, it is possible to modify many of the amino 
25 acids of KCNQ5 and still retain substantially the same biological activity as the 
original protein. Thus, the present invention includes modified KCNQ5 proteins 
which have amino acid deletions, additions, or substitutions but that still retain 
substantially the same biological activity as KCNQ5. It is generally accepted that 
single amino acid substitutions do not usually alter the biological activity of a protein 
30 (see, e.g., Molecular Biology of the Gene , Watson et a/., 1987, Fourth Ed., The 
Benjamin/Cummings Publishing Co., Inc., page 226; and Cunningham & Wells, 
1989, Science 244:1081-1085). Accordingly, the present invention includes 
polypeptides where one amino acid substitution has been made in SEQ.ID.NO:3 
wherein the polypeptides still retain substantially the same biological activity as 
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KCNQ5. The present invention also includes polypeptides where two or more amino 
acid substitutions have been made in SEQ.BD.NO:3 wherein the polypeptides still 
retain substantially the same biological activity as KCNQ5. In particular, the present 
invention includes embodiments where the above-described substitutions are 
5 conservative substitutions. In particular, the present invention includes embodiments 
where the above-described substitutions do not occur in positions where the amino 
acid present in KCNQ5 is also present in the corresponding position of any one of 
KCNQ1, KCNQ2, KCNQ3, or KCNQ4 (see Figure 4A-B). 

The KCNQ5 proteins of the present invention may contain post- 
10 translational modifications, e.g., covalently linked carbohydrate, phosphorylation, 
myristoylation, etc.. 

The present invention also includes chimeric KCNQ5 proteins. 
Chimeric KCNQ5 proteins consist of a contiguous polypeptide sequence of at least a 
portion of KCNQ5 protein fused to a polypeptide sequence of a non-KCNQ5 protein. 
15 The present invention also includes isolated forms of KCNQ5 proteins 

and KCNQ5 DNA. Use of the term "isolated" indicates that KCNQ5 protein or 
KCNQ5 DNA has been removed from its normal cellular environment. Thus, an 
isolated KCNQ5 protein may be in a cell-free solution or placed in a different cellular 
environment from that in which it occurs naturally. The term isolated does not imply 
20 that an isolated KCNQ5 protein is the only protein present, but instead means that an 
isolated KCNQ5 protein is at least 95% free of non-amino acid material {e.g., nucleic 
acids, lipids, carbohydrates) naturally associated with the KCNQ5 protein. Thus, a 
KCNQ5 protein that is expressed in bacteria or even in eukaryotic cells which do not 
naturally (i.e., without human intervention) express it through recombinant means is 
25 an "isolated KCNQ5 protein." 

It is known that other members of the family of potassium channels to 
which KCNQ5 belongs can interact to form heteromeric structures resulting in 
functional potassium channels. For example, KCNQ2 and KCNQ3 can assemble to 
form a heteromeric functional potassium channel (Wang et al., 1998, Science 
30 282:1890-1893). Accordingly, it is believed likely that KCNQ5 will also be able to 
form heteromeric structures with other proteins where such heteromeric structures 
constitute functional potassium channels. Thus, the present invention includes such 
heteromers comprising KCNQ5. Preferred heteromers are those in which KCNQ5 
forms heteromers with at least one of KCNQ1, KCNQ2, KCNQ3, or KCNQ4. 
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A cDNA fragment encoding full-length KCNQ5 can be isolated from a 
human retinal or brain cDNA library by using the polymerase chain reaction (PCR) 
employing suitable primer pairs. Such primer pairs can be selected based upon the 
cDNA sequence for KCNQ5 shown in Figure 2 as SEQ.ID.NO. :2. Suitable primer 
5 pairs would be, e.g. : 

5 * -GGGGGCCCGG ATG AGCC-3 ' (SEQJD.NO.:9) and 
5 * -G A AG A ACTT ATTTC AGTTTG A-3 * (SEQ.ID.NO.: 10) 
The above primers are meant to be illustrative only; one skilled in the 
art would readily be able to design other suitable primers based upon SEQ.ID.NO. :2. 
10 Such primers could be produced by methods of oligonucleotide synthesis that are well 
known in the art. 

PCR reactions can be carried out with a variety of thermostable 
enzymes including but not limited to AmpliTaq, AmpliTaq Gold, or Vent polymerase. 
For AmpliTaq, reactions can be carried out in 10 mM Tris-Cl, pH 8.3, 2.0 mM 
15 MgCl2, 200 /xM for each dNTP, 50 mM KC1, 0.2 fiM for each primer, 10 ng of DNA 

template, 0.05 units//il of AmpliTaq. The reactions are heated at 95°C for 3 minutes 
and then cycled 35 times using the cycling parameters of 95°C, 20 seconds, 62°C, 20 
seconds, 72°C, 3 minutes. In addition to these conditions, a variety of suitable PCR 
protocols can be found in PCR Primer, A Laboratory Manual , edited by C.W. 
20 Dieffenbach and G.S. Dveksler, 1995, Cold Spring Harbor Laboratory Press; or PCR 
Protocols: A Guide to Methods and Applications , Michael et a/., eds., 1990, 
Academic Press . 

A suitable cDNA library from which a clone encoding KCNQ5 can be 
isolated would be Human Retina 5'-stretch cDNA library in lambda gtlO or lambda 
25 gtl 1 vectors (catalog numbers HL1 143a and HL1 132b, Clontech, Palo Alto, CA) or 
human fetal brain 5-stretch plus cDNA library (catalog number HL5024t, Clontech, 
Palo Alto, CA). The primary clones of such a library can be subdivided into pools 
with each pool containing approximately 20,000 clones and each pool can be 
amplified separately. 

30 By this method, a cDNA fragment encoding an open reading frame of 

846 amino acids (SEQ.ID.NO. :3) can be obtained. This cDNA fragment can be 
cloned into a suitable cloning vector or expression vector. For example, the fragment 
can be cloned into the mammalian expression vector pcDNA3.1 (Invitrogen, San 
Diego, CA). KCNQ5 protein can then be produced by transferring an expression 
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vector encoding KCNQ5 or portions thereof into a suitable host cell and growing the 
host cell under appropriate conditions. KCNQ5 protein can then be isolated by 
methods well known in the art. 

As an alternative to the above-described PCR method, a cDNA clone 
5 encoding KCNQ5 can be isolated from a cDNA library using as a probe 

oligonucleotides specific for KCNQ5 and methods well known in the art for screening 
cDNA libraries with oligonucleotide probes. Such methods are described in, e.g., 
Sambrook et a/., 1989, Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York; Glover, D.M. (ed.), 1985, DNA 

10 Cloning: A Practical Approach, MRL Press, Ltd., Oxford, U.K., Vol. I, n. 

Oligonucleotides that are specific for KCNQ5 and that can be used to screen cDNA 
libraries can be readily designed based upon the cDNA sequence of KCNQ5 shown in 
Figure 2 as SEQ.ID.NO.:2 and can be synthesized by methods well-known in the art. 

Genomic clones containing the KCNQ5 gene can be obtained from 

15 commercially available human PAC or BAC libraries available from Research 

Genetics, Huntsville, AL. PAC clones containing the KCNQ5 gene {e.g., PAC141B1, 
PAC224H23) are commercially available from Research Genetics, Huntsville, AL 
(catalog number for individual PAC clones is RPCI.C). Alternatively, one may 
prepare genomic libraries, especially in PI artificial chromosome vectors, from which 

20 genomic clones containing the KCNQ5 can be isolated, using probes based upon the 
KCNQ5 sequences disclosed herein. Methods of preparing such libraries are known 
in the art (Ioannou et ^Z.,1994, Nature Genet. 6:84-89). 

The novel DNA sequences of the present invention can be used in 
various diagnostic methods relating to Stargardt-like macular dystrophy, cone-rod 

25 dystrophy, Salla disease, or age-related macular degeneration. The present invention 
provides diagnostic methods for determining whether a patient carries a mutation in 
the KCNQ5 gene that predisposes that patient toward the development of Stargardt- 
like macular dystrophy, cone-rod dystrophy, Salla disease, or age-related macular 
degeneration. In broad terms, such methods comprise determining the DNA sequence 

30 of a region of the KCNQ5 gene from the patient and comparing that sequence to the 
sequence from the corresponding region of the KCNQ5 gene from a non-affected 
person, i.e., a person who does not suffer from Stargardt-like macular dystrophy, 
cone-rod dystrophy, Salla disease, or age-related macular degeneration, where a 
difference in sequence between the DNA sequence of the KCNQ5 gene from the 
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patient and the DNA sequence of the KCNQ5 gene from the non-affected person 
indicates that the patient has Stargardt-like macular dystrophy, cone-rod dystrophy, 
Salla disease, or age-related macular degeneration. 

Such methods of diagnosis may be carried out in a variety of ways. 
5 For example, one embodiment comprises: 

(a) providing PCR primers from a region of the KCNQ5 gene; 

(b) performing PCR on a DNA sample from the patient to produce 
a PCR fragment from the patient; 

(c) performing PCR on a control DNA sample comprising a 
10 nucleotide sequence selected from the group consisting of SEQ.ID.NO: 1 and 

SEQ.ID.NO.:2 to produce a control PCR fragment; 

(d) determining the nucleotide sequence of the PCR fragment from 
the patient and the nucleotide sequence of the control PCR fragment; 

(e) comparing the nucleotide sequence of the PCR fragment from 
15 the patient to the nucleotide sequence of the control PCR fragment; 

where a difference between the nucleotide sequence of the PCR 
fragment from the patient and the nucleotide sequence of the control PCR fragment 
indicates that the patient has a mutation in the KCNQ5 gene and thus is likely to have 
Stargardt-like macular dystrophy, cone-rod dystrophy, Salla disease, or age-related 
20 macular degeneration. 

In a particular embodiment, the PCR primers are from a region of the 
KCNQ5 gene where it is suspected that a patient harbors a mutation. In a particular 
embodiment, the PCR primers are from the coding region of the KCNQ5 gene, Le., 
from the coding region of SEQ.ID.NO:l or SEQ.ff).NO:2. In a particular 
25 embodiment, the PCR primers amplify a region that includes the marker D6S280. 

In a particular embodiment, the DNA sample from the patient is cDNA 
that has been prepared from an RNA sample from the patient. In another 
embodiment, the DNA sample from the patient is genomic DNA. In a particular 
embodiment, the control DNA sample is DNA from a person who does not have 
30 Stargardt-like macular dystrophy, cone-rod dystrophy, Salla disease, or age-related 
macular degeneration. 

In a particular embodiment, the nucleotide sequences of the PCR 
fragment from the patient and the control PCR fragment are determined by DNA 
sequencing. 
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In a particular embodiment, the nucleotide sequences of the PCR 
fragment from the patient and the control PCR fragment are compared by direct 
comparison after DNA sequencing. In another embodiment, step (d) is omitted and 
the comparison in step (e) is made by a process that includes hybridizing the PCR 
5 fragment from the patient and the control PCR fragment and then using an 

endonuclease that cleaves at any mismatched positions in the hybrid but does not 
cleave the hybrid if the two fragments match perfectly. Such an endonuclease is, e.g., 
SI. In this embodiment, the conversion of the PCR fragment from the patient to 
smaller fragments after endonuclease treatment indicates that the patient carries a 

10 mutation in the KCNQ5 gene. In such embodiments, it may be advantageous to label 
(radioactively, enzymatically, immunologically, etc.) the PCR fragment from the 
patient or the control PCR fragment. 

The present invention provides a method of diagnosing whether a 
patient carries a mutation in the KCNQ5 gene that comprises: 

15 (a) obtaining an RNA sample from the patient; 

(b) performing reverse transcription-PCR (RT-PCR) on the RNA 
sample using primers that span a region of the coding sequence of the KCNQ5 gene 
to produce a PCR fragment from the patient where the PCR fragment from the patient 
has a defined length, the length being dependent upon the identity of the primers that 

20 were used in the RT-PCR; 

(c) hybridizing the PCR fragment to DNA comprising a sequence 
selected from the group consisting of SEQ.ID.NO:l and SEQ.ID.NO.:2, or to portions 
of SEQ.BD.NO: 1 or SEQ.ID.NO.:2 that are sufficiently long to give rise to bands that 
can be seen on polyacrylamide gels, to form a hybrid; 

25 (d) treating the hybrid produced in step (c) with an endonuclease 

that cleaves at any mismatched positions in the hybrid but does not cleave the hybrid 

if the two fragments match perfectly; 

(e) determining whether the endonuclease cleaved the hybrid by 

determining the length of the PCR fragment from the patient after endonuclease 
30 treatment where a reduction in the length of the PCR fragment from the patient after 

endonuclease treatment indicates that the patient carries a mutation in the KCNQ5 

gene. 

In a variation of the above-described method, instead of determining 
the length of the PCR fragment from the patient after endonuclease treatment, the 
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length of the DNA comprising a sequence selected from the group consisting of 
SEQ.ID.NO:l and SEQ.ID.NO.:2, or the DNA comprising portions of SEQ.BD.NO:! 
or SEQ.DD.NO.:2 that are sufficiently long to give rise to bands that can be seen on 
polyacrylamide gels is determined after endonuclease treatment. In such a variation, a 
5 reduction in the length of the DNA comprising a sequence selected from the group 
consisting of SEQ.ID.NO.l and SEQ.ID.NO.:2, or the DNA comprising portions of 
SEQ.HXNO:! or SEQ.ID.NO.:2 that are sufficiently long to give rise to bands that 
can be seen on polyacrylamide gels indicates that the patient carries a mutation in the 
KCNQ5 gene. 

10 The present invention provides a method of diagnosing whether a 

patient carries a mutation in the KCNQ5 gene that comprises: 

(a) making cDNA from an RNA sample from the patient; 

(b) providing a set of PCR primers based upon SEQ.ID.NO.:l or 
SEQ.ID.NO.:2; 

15 (c) performing PCR on the cDNA to produce a PCR fragment 

from the patient; 

(d) determining the nucleotide sequence of the PCR fragment from 

the patient; 

(e) comparing the nucleotide sequence of the PCR fragment from 
20 the patient with the nucleotide sequence of SEQ.ED.NO.:! or SEQ.ID.NO.:2; 

where a difference between the nucleotide sequence of the PCR 
fragment from the patient with the nucleotide sequence of SEQ.ID.NO.: 1 or 
SEQ.ID.NO.:2 indicates that the patient carries a mutation in the KCNQ5 gene. 

The present invention provides a method of diagnosing whether a 
25 patient carries a mutation in the KCNQ5 gene that comprises: 

(a) preparing genomic DNA from the patient; 

(b) providing a set of PCR primers based upon SEQ.ID.NO.:l or 
SEQ.ID.NO.:2; 

(c) performing PCR on the genomic DNA to produce a PCR 
30 fragment from the patient; 

(d) determining the nucleotide sequence of the PCR fragment from 

the patient; 

(e) comparing the nucleotide sequence of the PCR fragment from 
the patient with the nucleotide sequence of SEQ.ID.NO.:! or SEQJD.NO.:2; 
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where a difference between the nucleotide sequence of the PCR 
fragment from the patient with the nucleotide sequence of SEQ.ID.NO.:! or 
SEQ.ID.NO.:2 indicates that the patient carries a mutation in the KCNQ5 gene. 

The present invention also provides oligonucleotide probes, based 
5 upon the sequences of SEQ.ID.NO:l or SEQ.ID.NO:2, that can be used in diagnostic 
methods related to Stargardt-like macular dystrophy, cone-rod dystrophy, Salla 
disease, or age-related macular degeneration. In particular, the present invention 
includes DNA oligonucleotides comprising at least about 10, 15, or 18 contiguous 
nucleotides of a sequence selected from the group consisting of: SEQ.ID.NO: 1 and 

10 SEQ.ID.:N0.2 where the oligonucleotide probe comprises no stretch of contiguous 
nucleotides longer than 5 of a sequence selected from the group consisting of: 
SEQiD.NO:l and SEQJD.:N0.2 other than the said at least about 10, 15, or 18 
contiguous nucleotides. The oligonucleotides can be substantially free from other 
nucleic acids. Also provided by the present invention are corresponding RNA 

15 oligonucleotides. The DNA or RNA oligonucleotide probes can be packaged in kits. 

In addition to the diagnostic utilities described above, the present 
invention makes possible the recombinant expression of the KCNQ5 protein in 
various cell types. Such recombinant expression makes possible the study of this 
protein so that its biochemical activity and its role in Stargardt-like macular 

20 dystrophy, cone-rod dystrophy, Salla disease, or age-related macular degeneration can 
be elucidated. 

The present invention also makes possible the development of assays 
which measure the biological activity of the KCNQ5 protein. Such assays using 
recombinantly expressed KCNQ5 protein are especially of interest. Assays for 

25 KCNQ5 protein activity can be used to screen libraries of compounds or other sources 
of compounds to identify compounds that are activators or inhibitors of the activity of 
KCNQ5 protein. Such identified compounds can serve as "leads" for the 
development of pharmaceuticals that can be used to treat patients having Stargardt- 
like macular dystrophy, cone-rod dystrophy, Salla disease, or age-related macular 

30 degeneration. In versions of the above-described assays, mutant KCNQ5 proteins are 
used and inhibitors or activators of the activity of the mutant KCNQ5 proteins are 
identified. 

Preferred cell lines for recombinant expression of KCNQ5 are those 
which do not express endogenous potassium channels (e.g., CV-1, NIH-3T3). Such 
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cell lines can be loaded with 86Rb, an ion which can pass through potassium 
channels. The 86Rb-loaded cells can be exposed to collections of substances (e.g. y 
combinatorial libraries, natural products) and those substances that are able to alter 
86Rb efflux identified. Such substances are likely to be activators or inhibitors of 
5 KCNQ5. 

The present invention includes a method of identifying activators or 
inhibitors of KCNQ5 comprising: 

(a) recombinantly expressing KCNQ5 protein or mutant KCNQ5 
protein in a host cell; 

10 (b) measuring the biological activity of KCNQ5 protein or mutant 

KCNQ5 protein in the presence and in the absence of a substance suspected of being 
an activator or an inhibitor of KCNQ5 protein or mutant KCNQ5 protein; 

where a change in the biological activity of the KCNQ5 protein or the 
mutant KCNQ5 protein in the presence as compared to the absence of the substance 

15 indicates that the substance is an activator or an inhibitor of KCNQ5 protein or 
mutant KCNQ5 protein. 

In particular embodiments, the biological activity is the production of a 
voltage-gated potassium current, or efflux of 86Rb. 

In particular embodiments, a vector encoding KCNQ5 is transferred 

20 into Xenopus oocytes in order to cause the expression of KCNQ5 protein in the 

oocytes. Alternatively, RNA encoding KCNQ5 protein can be prepared in vitro and 
injected into the oocytes, also resulting in the expression of KCNQ5 protein in the 
oocytes. Following expression of KCNQ5 in the oocytes, membrane currents are 
measured after the transmembrane voltage is changed in steps. A change in 

25 membrane current is observed when the KCNQ5 channels opens, allowing potassium 
ion flow. Similar oocytes studies were reported for KCNQ2 and KCNQ3 potassium 
channels in Wang et al., 1998, Science 282:1890-1893. 

Inhibitors of KCNQ5 can be identified by exposing the oocytes 
expressing KCNQ5 to collections of substances and determining whether the 

30 substances can block or diminish the membrane currents observed in the absence of 
the substance. 

Accordingly, the present invention provides a method of identifying 
inhibitors of KCNQ5 comprising: 

(a) expressing KCNQ5 protein in Xenopus oocytes; 
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(b) changing the transmembrane potential of the oocytes in the 
presence and the absence of a substance suspected of being an inhibitor of KCNQ5; 

(c) measuring membrane potassium currents following step (b); 
where if the potassium membrane currents measured in step (c) are 

5 greater in the absence rather than in the presence of the substance, then the substance 
is an inhibitor of KCNQ5. 

The present invention also includes assays for the identification of 
activators and inhibitors of KCNQ5 that are based upon FRET between a first and a 
second fluorescent dye where the first dye is bound to one side of the plasma 

10 membrane of a cell expressing KCNQ5 and the second dye is free to shuttle from one 
face of the membrane to the other face in response to changes in membrane potential. 
In certain embodiments, the first dye is impenetrable to the plasma membrane of the 
cells and is bound predominately to the extracellular surface of the plasma membrane. 
The second dye is trapped within the plasma membrane but is free to diffuse within 

15 the membrane. At normal (i.e., negative) resting potentials of the membrane, the 

second dye is bound predominately to the inner surface of the extracellular face of the 
plasma membrane, thus placing the second dye in close proximity to the first dye. 
This close proximity allows for the generation of a large amount of FRET between 
the two dyes. Following membrane depolarization, the second dye moves from the 

20 extracellular face of the membrane to the intracellular face, thus increasing the 

distance between the dyes. This increased distance results in a decrease in FRET, 
with a corresponding increase in fluorescent emission derived from the first dye and a 
corresponding decrease in the fluorescent emission from the second dye. See figure 1 
of Gonzalez & Tsien, 1997, Chemistry & Biology 4:269-277. See also Gonzalez & 

25 Tsien, 1995, Biophys. J. 69:1272-1280 and U.S. Patent No. 5,661,035. 

In certain embodiments, the first dye is a fluorescent lectin or a 
fluorescent phospholipid that acts as the fluorescent donor. Examples of such a first 
dye are: a coumarin-labeled phosphatidylethanolamine (e.g., N-(6-chloro-7-hydroxy- 
2-OXO-2H— 1 -benzopyran-3-carboxamidoacetyl)-dimyristoylphosphatidyl- 

30 ethanolamine) or N-(7-nitrobenz-2-oxa-l ,3-diazol-4-yl)- 

dipalmitoylphosphatidylethanolamine); a fluorescently-labeled lectin (e.g., 
fluorescein-labeled wheat germ agglutinin). In certain embodiments, the second dye 
is an oxonol that acts as the fluorescent acceptor. Examples of such a second dye are: 
bis(l ,3-dialkyl-2-thiobarbiturate)trimethineoxonols (e.g., bis( 1 ,3-dihexyl-2- 
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thiobarbiturate)trimethineoxonol) or pentamethineoxonol analogues (e.g., bis(l,3- 
dihexyl-2-thiobarbiturate)pentamethineoxonol; or bis(l,3-dibutyl-2- 
thiobarbiturate)pentamethineoxonol). See Gonzalez & Tsien, 1997, Chemistry & 
Biology 4:269-277 for methods of synthesizing various dyes suitable for use in the 
5 present invention. In certain embodiments, the assay may comprise a natural 

carotenoid, e.g., astaxanthin, in order to reduce photodynamic damage due to singlet 
oxygen. 

The above described assays can be utilized to discover activators and 
inhibitors of KCNQ5. Such assays will generally utilize cells that express KCNQ5, 

10 e.g., by transfection with expression vectors encoding KCNQ5. In assays for 

inhibitors, such cells will generally have a resting membrane potential that is roughly 
equal to the threshhold for activation of the KCN5Q channel. This is because most 
untransfected cells will have membrane potentials that are depolarized relative to the 
threshhold potential of KCNQ5 channels. Therefore, when KCNQ5 is expressed in 

15 these cells, the KCNQ5 channels open. This lets K+ out of the cells, which tends to 
hyperpolarize the membrane potential. This closes some of the KCNQ5 channels, 
leading to relative depolarization. In this way, a steady state develops around the 
threshhold for activation of the KCNQ5 channel. Inhibitors of KCNQ5 will, 
therefore, disturb this steady state and depolarize the cell. In assays for activators, 

20 KCNQ5 will be transfected into a cell line that also expresses a counteracting, 

depolarizing current. The membrane potential in these cells will therefore be set by 
contributions of both the KCNQ5 channel and the endogenous depolarizing current, 
resulting in a more depolarized resting potential. Ideally, the endogenous current will 
play the major role in the absence of a KCNQ5 activator. Activators of KCNQ5 will 

25 open this channel and increase the contribution of KCNQ5 to the membrane potential 
relative to the other current and the potential will, therefore, hyperpolarize in response 
to an activator of KCNQ5. Changes in membrane potential (depolarizations and 
hyperpolarizations) that are caused by activators and inhibitors of KCNQ5 can be 
monitored by the assays using FRET described above. 

30 Accordingly, the present invention provides a method of identifying 

activators of KCNQ5 comprising: 

(a) providing test cells comprising: 

(1) an expression vector that directs the expression of 

KCNQ5 in the cells; 
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(2) a first fluorescent dye, where the first dye is bound to 
one side of the plasma membrane; and 

(3) a second fluorescent dye, where the second fluorescent 
dye is free to shuttle from one face of the plasma membrane to the other face in 

5 response to changes in membrane potential; 

(b) exposing the test cells to a substance that is suspected of being 
an activator of KCNQ5; 

(c) measuring the amount of fluorescence resonance energy 
transfer (FRET) in the test cells that have been exposed to the substance; 

10 (d) comparing the amount of FRET exhibited by the test cells that 

have been exposed to the substance with the amount of FRET exhibited by control 
cells; 

wherein if the amount of FRET exhibited by the test cells is greater 
than the amount of FRET exhibited by the control cells, the substance is an activator 
15 of KCNQ5; 

where the control cells are either (1) cells that are essentially the same 
as the test cells except that they do not comprise at least one of the items listed at (a) 
(l)-(3) but have been exposed to the substance; or (2) test cells that have not been 
exposed to the substance. 
20 The present invention also provides a method of identifying inhibitors 

of KCNQ5 comprising: 

(a) providing test cells comprising: 

(1) an expression vector that directs the expression of 

KCNQ5 in the cells; 

25 (2) a first fluorescent dye, where the first dye is bound to 

one side of the plasma membrane; and 

(3) a second fluorescent dye, where the second fluorescent 
dye is free to shuttle from one face of the plasma membrane to the other face in 
response to changes in membrane potential; 
30 (b) exposing the test cells to a substance that is suspected of being 

an inhibitor of KCNQ5; 

(c) measuring the amount of fluorescence resonance energy 
transfer (FRET) in the test cells that have been exposed to the substance; 
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(d) comparing the amount of FRET exhibited by the test cells that 
have been exposed to the substance with the amount of FRET exhibited by control 
cells; 

wherein if the amount of FRET exhibited by the test cells is less than 
5 the amount of FRET exhibited by the control cells, the substance is an inhibitor of 
KCNQ5; 

where the control cells are either (1) cells that are essentially the same 
as the test cells except that they do not comprise at least one of the items listed at (a) 
(l)-(3) but have been exposed to the substance; or (2) test cells that have not been 
10 exposed to the substance. 

In a variation of the assay described above, instead of the transfected 
cell's membrane potential being allowed to reach steady state on its own, the 
membrane potential is artificially set at a potential in which the KCNQ5 channel is 
open. This can be done, e.g., by variation of the external K+ concentration in a 
15 known manner (e.g., increased concentrations of external K+). If such cells, having 
open KCNQ5 channels, are exposed to inhibitors of KCNQ5, the KCNQ5 channels 
will close, and the cells' membrane potentials will be depolarized. This 
depolarization can be observed as a decrease in FRET. 

Accordingly, the present invention provides a method of identifying 
20 inhibitors of KCNQ5 comprising: 

(a) providing cells comprising: 

(1) an expression vector that directs the expression of 

KCNQ5 in the cells; 

(2) a first fluorescent dye, where the first dye is bound to 
25 one side of the plasma membrane; and 

(3) a second fluorescent dye, where the second fluorescent 
dye is free to shuttle from one face of the plasma membrane to the other face in 
response to changes in membrane potential; 

(b) adjusting the membrane potential of the cells such that the ion 
30 channel formed by KCNQ5 is open; 

(c) measuring the amount of fluorescence resonance energy 
transfer (FRET) in the test cells; 

(d) repeating step (b) and step (c) while the cells are exposed to a 
substance that is suspected of being an inhibitor of KCNQ5; 
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where if the amount of FRET exhibited by the cells that are exposed to 
the substance is less than the amount of FRET exhibited by the cells that have not 
been exposed to the substance, then the substance is an inhibitor of KCNQ5. 

In particular embodiments of the above-described methods, the 
5 expression vectors are transfected into the test cells. 

In particular embodiments of the above-described methods, KCNQ5 
has an amino acid sequence of SEQ.ID.NO.:3. 

In particular embodiments of the above-described methods, the first 
fluorescent dye is selected from the group consisting of: a fluorescent lectin; a 
10 fluorescent phospholipid; a coumarin-labeled phosphatidylethanolamine; N-(6-chIoro- 
7-hydroxy-2-oxo-2H-l-benzopyran-3-carboxamidoacetyl)-dimyristoylphosphatidyl- 
ethanolamine); N-(7-nitrobenz-2-oxa-l,3-diazol-4-yl)- 
dipalmitoylphosphatidylethanolamine); and fluorescein-labeled wheat germ 
agglutinin. 

15 In particular embodiments of the above-described methods, the second 

fluorescent dye is selected from the group consisting of: an oxonol that acts as the 
fluorescent acceptor; bis(l,3-dialkyl-2-thiobarbiturate)trimethineoxonols; bis(l,3- 
dihexyl-2-thiobarbiturate)trimethineoxonol; bis(l,3-dia!ky!-2- 
thiobarbiturate)quatramethineoxonols; bis(l ,3-dialkyl-2- 

20 thiobarbiturate)pentamethineoxonols; bis(l ,3-dihexyl-2- 
thiobarbiturate)pentamethineoxonol; bis(l ,3-dibutyl-2- 
thiobarbiturate)pentamethineoxonol); and bis(l,3-dialkyl-2- 
thiobarbiturate)hexamethineoxonols. 

In a particular embodiment of the above-described methods, the cells 

25 are eukaryotic cells. In another embodiment, the cells are mammalian cells. In other 
embodiments, the cells are L cells L-M(TK~) (ATCC CCL 1.3), L cells L-M (ATCC 
CCL 1.2), 293 (ATCC CRL 1573), Raji (ATCC CCL 86), CV-1 (ATCC CCL 70), 
COS-1 (ATCC CRL 1650), COS-7 (ATCC CRL 1651), CHO-K1 (ATCC CCL 61), 
3T3 (ATCC CCL 92), NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2), C127I 

30 (ATCC CRL 1616), BS-C-1 (ATCC CCL 26), MRC-5 (ATCC CCL 171), Xenopus 
melanophores, or Xenopus oocytes. 

Li particular embodiments of the above-described methods, the control 
cells do not comprise item (a)(1) but do comprise items (a)(2) and (a)(3). 
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In assays to identify activators or inhibitors of KCNQ5, it may be 
advantageous to co-express another potassium channel, e.g., KCNQ1, KCNQ2, 
KCNQ3, or KCNQ4, together with KCNQ5, or with an accessory subunit, such as 
the IsK protein or one of its homologues, in order to form a functional heteromeric 
5 potassium channel. 

While the above-described methods are explicitly directed to testing 
whether "a" substance is an activator or inhibitor of KCNQ5, it will be clear to one 
skilled in the art that such methods can be adapted to test collections of substances, 
e.g., combinatorial libraries, to determine whether any members of such collections 
10 are activators or inhibitors of KCNQ5. Accordingly, the use of collections of 

substances, or individual members of such collections, as the substance in the above- 
described methods is within the scope of the present invention. 

The present invention includes pharmaceutical compositions 
comprising activators or inhibitors of KCNQ5 protein that have been identified by the 
15 herein-described methods. The activators or inhibitors are generally combined with 
pharmaceutically acceptable carriers to form pharmaceutical compositions. Examples 
of such carriers and methods of formulation of pharmaceutical compositions 
containing activators or inhibitors and carriers can be found in Remington's 
Pharmaceutical Sciences. To form a pharmaceutically acceptable composition 
20 suitable for effective administration, such compositions will contain a therapeutically 
effective amount of the activators or inhibitors. 

Therapeutic or prophylactic compositions are administered to an 
individual in amounts sufficient to treat or prevent conditions where KCNQ5 activity 
is abnormal. The effective amount can vary according to a variety of factors such as 
25 the individual's condition, weight, gender, and age. Other factors include the mode of 
administration. The appropriate amount can be determined by a skilled physician. 

Compositions can be used alone at appropriate dosages. Alternatively, 
co-administration or sequential administration of other agents can be desirable. 

The compositions can be administered in a wide variety of therapeutic 
30 dosage forms in conventional vehicles for administration. For example, the 

compositions can be administered in such oral dosage forms as tablets, capsules (each 
including timed release and sustained release formulations), pills, powders, granules, 
elixirs, tinctures, solutions, suspensions, syrups and emulsions, or by injection. 
Likewise, they can also be administered in intravenous (both bolus and infusion), 
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intraperitoneal, subcutaneous, topical with or without occlusion, or intramuscular 
form, all using forms well known to those of ordinary skill in the pharmaceutical arts. 

Advantageously, compositions can be administered in a single daily 
dose, or the total daily dosage can be administered in divided doses of two, three or 
5 four times daily. Furthermore, compositions can be administered in intranasal form 
via topical use of suitable intranasal vehicles, or via transdermal routes, using those 
forms of transdermal skin patches well known to those of ordinary skill in that art. To 
be administered in the form of a transdermal delivery system, the dosage 
administration will, of course, be continuous rather than intermittent throughout the 

10 dosage regimen. 

The dosage regimen utilizing the compositions is selected in 
accordance with a variety of factors including type, species, age, weight, sex and 
medical condition of the patient; the severity of the condition to be treated; the route 
of administration; the renal, hepatic and cardiovascular function of the patient; and 

15 the particular composition thereof employed. A physician of ordinary skill can 

readily determine and prescribe the effective amount of the composition required to 
prevent, counter or arrest the progress of the condition. Optimal precision in 
achieving concentrations of composition within the range that yields efficacy without 
toxicity requires a regimen based on the kinetics of the composition's availability to 

20 target sites. This involves a consideration of the distribution, equilibrium, and 
elimination of a composition. 

The present invention includes a method of treating Stargardt-like 
macular dystrophy, cone-rod dystrophy, Salla disease, age-related macular 
degeneration and other forms of macular degeneration, deafness, epilepsy, and 

25 different forms of neuropsychiatry, heart, gastrointestinal, and muscle disorders by 
administering to a patient a therapeutically effective amount of a substance that is an 
activator or an inhibitor of a voltage-gated potassium channel containing the KCNQ5 
protein. 

When screening compounds in order to identify potential 
30 pharmaceuticals that specifically interact with a target ion channel, it is necessary to 
ensure that the compounds identified are as specific as possible for the target ion 
channel. To do this, it is necessary to screen the compounds against as wide an array 
as possible of ion channels that are similar to the target ion channel. Thus, in order to 
find compounds that are potential pharmaceuticals that interact with ion channel A, it 
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is not enough to ensure that the compounds interact with ion channel A (the "plus 
target") and produce the desired pharmacological effect through ion channel A. It is 
also necessary to determine that the compounds do not interact with ion channels B, 
C, D, etc .(the "minus targets"). In general, as part of a screening program, it is 
5 important to have as many minus targets as possible (see Hodgson, 1992, 

Bio/Technology 10:973-980, at 980). KCNQ5 protein, DNA encoding KCNQ5 
protein, and recombinant cells that have been engineered to express KCNQ5 protein 
have utility in that they can be used as "minus targets" in screens designed to identify 
compounds that specifically interact with other ion channels. For example, Wang et 

10 al., 1998, Science 282:1890-1893 have shown that KCNQ2 and KCNQ3 form a 

heteromeric potassium ion channel know as the "M-channel." The M-channel is an 
important target for drug discovery since mutations in KCNQ2 and KCNQ3 are 
responsible for causing epilepsy (Biervert et al., 1998, Science 279:403-406; Singh et 
al., 1998, Nature Genet. 18:25-29; Schroeder et al., Nature 1998, 396:687-690). A 

15 screening program designed to identify activators or inhibitors of the M-channel 
would benefit greatly by the use of KCNQ5 as a minus target. 

The present invention also includes antibodies to the KCNQ5 protein. 
Such antibodies may be polyclonal antibodies or monoclonal antibodies. The 
antibodies of the present invention are raised against the entire KCNQ5 protein or 

20 against suitable antigenic fragments of the protein that are coupled to suitable carriers, 
e.g., serum albumin or keyhole limpet hemocyanin, by methods well known in the art. 
Methods of identifying suitable antigenic fragments of a protein are known in the art. 
See, e.g., Hopp & Woods, 1981, Proc. Natl. Acad. Sci. USA 78:3824-3828; and 
Jameson & Wolf, 1988, CABIOS (Computer Applications in the Biosciences) 4:181- 

25 186. 

For the production of polyclonal antibodies, KCNQ5 protein or an 
antigenic fragment, coupled to a suitable carrier, is injected on a periodic basis into an 
appropriate non-human host animal such as, e.g., rabbits, sheep, goats, rats, mice. 
The animals are bled periodically and sera obtained are tested for the presence of 
30 antibodies to the injected antigen. The injections can be intramuscular, 

intraperitoneal, subcutaneous, and the like, and can be accompanied with adjuvant. 

For the production of monoclonal antibodies, KCNQ5 protein or an 
antigenic fragment, coupled to a suitable carrier, is injected into an appropriate non- 
human host animal as above for the production of polyclonal antibodies. In the case 
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of monoclonal antibodies, the animal is generally a mouse. The animal's spleen cells 
are then immortalized, often by fusion with a myeloma cell, as described in Kohler & 
Milstein, 1975, Nature 256:495-497. For a fuller description of the production of 
monoclonal antibodies, see Antibodies: A Laboratory Manual , Harlow & Lane, eds., 

5 Cold Spring Harbor Laboratory Press, 1988. 

Gene therapy may be used to introduce KCNQ5 polypeptides into the 
cells of target organs, e.g., the pigmented epithelium of the retina or other parts of the 
retina. Nucleotides encoding KCNQ5 polypeptides can be ligated into viral vectors 
which mediate transfer of the nucleotides by infection of recipient cells. Suitable 

10 viral vectors include retrovirus, adenovirus, adeno-associated virus, herpes virus, 
vaccinia virus, lentivirus, and polio virus based vectors. Alternatively, nucleotides 
encoding KCNQ5 polypeptides can be transferred into cells for gene therapy by non- 
viral techniques including receptor-mediated targeted transfer using ligand-nucleotide 
conjugates, lipofection, membrane fusion, or direct microinjection. These procedures 

15 and variations thereof are suitable for ex vivo as well as in vivo gene therapy. Gene 
therapy with KCNQ5 polypeptides will be particularly useful for the treatment of 
diseases where it is beneficial to elevate KCNQ5 activity. 

The present invention includes processes for cloning orthologues of 
human KCNQ5 from non-human species. In general, such processes include 

20 preparing a PCR primer or a hybridization probe based upon SEQ.ID.NO.: 1 or 
SEQ.ID.NO.:2 that can be used to amplify a fragment containing the non-human 
KCNQ5 (in the case of PCR) from a suitable DNA preparation or to select a cDNA or 
genomic clone containing the non-human KCNQ5 from a suitable library. A 
preferred embodiment of this process is a process for cloning the KCNQ5 gene from 

25 mouse. 

By providing DNA encoding mouse KCNQ5, the present invention 
allows for the generation of an animal model of Stargardt-like macular dystrophy, 
cone-rod dystrophy, Salla disease, or age-related macular degeneration. Such animal 
models can be generated by making transgenic "knockout" or "knockin" mice 
30 containing altered KCNQ5 genes. Knockout mice can be generated in which portions 
of the mouse KCNQ5 gene have been deleted. Knockin mice can be generated in 
which mutations that have been shown to lead to Stargardt-like macular dystrophy, 
cone-rod dystrophy, Salla disease, or age-related macular degeneration when present 
in the human KCNQ5 gene are introduced into the mouse gene. Such knockout and 
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knockin mice will be valuable tools in the study of Stargardt-like macular dystrophy, 
cone-rod dystrophy, Salla disease, or age-related macular degeneration and will 
provide important model systems in which to test potential pharmaceuticals or 
treatments for Stargardt-like macular dystrophy, cone-rod dystrophy, Salla disease, or 
5 age-rel ated macul ar degeneration . 

Accordingly, the present invention includes a method of producing a 
mouse model of Stargardt-like macular dystrophy, cone-rod dystrophy, Salla disease, 
or age-related macular degeneration comprising: 

(a) designing PCR primers or an oligonucleotide probe based upon 
10 SEQ.ID.NO.: 1 or SEQ.BD.NO.:2 for use in cloning the mouse KCNQ5 gene; 

(b) using the PCR primers or the oligonucleotide probe to clone at 
least a portion of the mouse KCNQ5 gene, the portion being large enough to use in 
making a transgenic mouse; 

(c) producing a transgenic mouse having at least one copy of the 
15 mouse KCNQ5 gene altered from its native state. 

Methods of producing knockout and knockin mice are well known in 
the art. One method involves the use of gene-targeted ES cells in the generation of 
gene-targeted transgenic knockout mice and is described in, e.g., Thomas et al., 1987, 
Cell 51:503-512, and is reviewed elsewhere (Frohman et al., 1989, Cell 56:145-147; 
20 Capecchi, 1989, Trends in Genet. 5:70-76; Baribault et al., 1989, Mol. Biol. Med. 
6:481-492). 

Techniques are available to inactivate or alter any genetic region to 
virtually any mutation desired by using targeted homologous recombination to insert 
specific changes into chromosomal genes. Generally, use is made of a "targeting 

25 vector," i.e., a plasmid containing part of the genetic region it is desired to mutate. By 
virtue of the homology between this part of the genetic region on the plasmid and the 
corresponding genetic region on the chromosome, homologous recombination can be 
used to insert the plasmid into the genetic region, thus disrupting the genetic region. 
Usually, the targeting vector contains a selectable marker gene as well. 

30 In comparison with homologous extrachromosomal recombination, 

which occurs at frequencies approaching 100%, homologous plasmid-chromosome 
recombination was originally reported to only be detected at frequencies between 10-6 
and 10-3 (Lin et al., 1985, Proc. Natl. Acad. Sci. USA 82:1391-1395; Smithies et al., 
1985, Nature 317: 230-234; Thomas et al., 1986, Cell 44:419-428). 
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Nonhomologous plasmid-chromosorne interactions are more frequent, occurring at 
levels 105-fold (Lin et al., 1985, Proc. Natl. Acad. Sci. USA 82:1391-1395) to 102- 
fold (Thomas et al., 1986, Cell 44:419-428) greater than comparable homologous 
insertion. 

5 To overcome this low proportion of targeted recombination in murine 

ES cells, various strategies have been developed to detect or select rare homologous 
recombinants. One approach for detecting homologous alteration events uses the 
polymerase chain reaction (PGR) to screen pools of transformant cells for 
homologous insertion, followed by screening individual clones (Kim et al., 1988, 

10 Nucleic Acids Res. 16:8887-8903; Kim et al., 1991, Gene 103:227-233). 

Alternatively, a positive genetic selection approach has been developed in which a 
marker gene is constructed which will only be active if homologous insertion occurs, 
allowing these recombinants to be selected directly (Sedivy et ah, 1989, Proc. Natl. 
Acad. Sci. USA 86:227-231). One of the most powerful approaches developed for 

15 selecting homologous recombinants is the positive-negative selection (PNS) method 
developed for genes for which no direct selection of the alteration exists (Mansour et 
al., 1988, Nature 336:348-352; Capecchi, 1989, Science 244:1288-1292; Capecchi, 
1989, Trends in Genet. 5:70-76). The PNS method is more efficient for targeting 
genes which are not expressed at high levels because the marker gene has its own 

20 promoter. Nonhomologous recombinants are selected against by using the Herpes 
Simplex virus thymidine kinase (HSV-TK) gene and selecting against its 
nonhomologous insertion with herpes drugs such as gancyclovir (GANC) or FIAU (1- 
(2-deoxy 2-fluoro-B-D-arabinofluranosyl)-5-iodouracil). By this counter-selection, 
the percentage of homologous recombinants in the surviving transformants can be 

25 increased. 

Other methods of producing transgenic mice involve microinjecting 
the male pronuclei of fertilized eggs. Such methods are well known in the art. 

The following non-limiting examples are presented to better illustrate 

30 the invention. 
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EXAMPLE 1 

Identification of the human KCNQ5 gene and cDNA cloning 

Construction of Libraries for Shoteun Sequencing from PAC Clones 

Bacterial strains containing the KCNQ5 PACs (PI Artificial 
5 Chromosomes) were received from Research Genetics (Huntsville, AL). Cells were 
streaked on Luria-Bertani (LB) agar plates supplemented with the appropriate 
antibiotic. A single colony was used to prepare a 5-ml starter culture and then 1-L 
overnight culture in LB medium. The cells were pelleted by centrifugation and PAC 
DNA was purified by equilibrium centrifugation in cesium chloride-ethidium bromide 

10 gradient (Sambrook, Fritsch, and Maniatis, 1989, Molecular Cloning: A Laboratory 
Manual , second edition, Cold Spring Harbor Laboratory Press). Purified PAC DNA 
was brought to 50 mM Tris pH 8.0, 15 mM MgCl2, and 25% glycerol in a volume of 
2 ml and placed in a AERO-MIST nebulizer (CIS-US, Bedford, MA). The nebulizer 
was attached to a nitrogen gas source and the DNA was randomly sheared at 10 psi 

15 for 30 sec. The sheared DNA was ethanol precipitated and resuspended in TE (10 
mM Tris, 1 mM EDTA). The ends were made blunt by treatment with Mung Bean 
Nuclease (Promega, Madison, WI) at 30°C for 30 min, followed by 
phenol/chloroform extraction, and treatment with T4 DNA polymerase (GIBCO/BRL, 
Gaithersburg, MD) in multicore buffer (Promega, Madison, WI) in the presence of 40 

20 uM dNTPs at 16°C. To facilitate subcloning of the DNA fragments, BstX I adapters 
(Invitrogen, Carlsbad, CA) were ligated to the fragments at 14°C overnight with T4 
DNA ligase (Promega, Madison, WI). Adapters and DNA fragments less than 500 bp 
were removed by column chromatography using a cDNA sizing column 
(GIBCO/BRL, Gaithersburg, MD) according to the instructions provided by the 

25 manufacturer. Fractions containing DNA greater than 1 kb were pooled and 
concentrated by ethanol precipitation. The DNA fragments containing BstX I 
adapters were ligated into the BstX I sites of pSHOT II which was constructed by 
subcloning the BstX I sites from pcDNA II (Invitrogen, Carlsbad, CA) into the BssH 
II sites of pBlueScript (Stratagene, La Jolla, CA). pSHOT II was prepared by 

30 digestion with BstX I restriction endonuclease and purified by agarose gel 

electrophoresis. The gel purified vector DNA was extracted from the agarose by 
following the Prep-A-Gene (BioRad, Richmond, CA) protocol. To reduce ligation of 
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the vector to itself, the digested vector was treated with calf intestinal phosphatase 
(GIBCO/BRL, Gaithersburg, MD. Ligation reactions of the DNA fragments with the 
cloning vector were transformed into ultra-competent XL-2 Blue cells (Stratagene, La 
Jolla, CA), and plated on LB agar plates supplemented with 100 fig/ml ampicillin. 
5 Individual colonies were picked into a 96 well plate containing 100 p.l/well of LB 

broth supplemented with ampicillin and grown overnight at 37°C. Approximately 25 
III of 80% sterile glycerol was added to each well and the cultures stored at -80°C. 

Preparation of plasmid DNA 

10 Glycerol stocks were used to inoculate 5 ml of LB broth supplemented 

with 100 jig/ml ampicillin either manually or by using a Tecan Genesis RSP 150 
robot (Tecan AG, Hombrechtikon, Switzerland) programmed to inoculate 96 tubes 
containing 5 ml broth from the 96 wells. The cultures were grown overnight at 37°C 
with shaking to provide aeration. Bacterial cells were pelleted by centrifugation , the 

15 supernatant decanted, and the cell pellet stored at -20°C. Plasmid DNA was prepared 
with a QIAGEN Bio Robot 9600 (QIAGEN, Chatsworth, CA) according to the 
Qiawell Ultra protocol. To test the frequency and size of inserts, plasmid DNA was 
digested with the restriction endonuclease Pvu II. The size of the restriction 
endonuclease products was examined by agarose gel electrophoresis with the average 

20 insert size being 1 to 2 kb. 

DNA Sequence Analysis of Shotgun clones 

DNA sequence analysis was performed using the ABI PRISM™ dye 
terminator cycle sequencing ready reaction kit with AmpliTaq DNA polymerase, FS 

25 (Perkin Elmer, Norwalk, CT). DNA sequence analysis was performed with M13 
forward and reverse primers. Following amplification in a Perkin-Elmer 9600, the 
extension products were purified and analyzed on an ABI PRISM 377 automated 
sequencer (Perkin Elmer, Norwalk, CT). Approximately 4 sequencing reactions were 
performed per kb of DNA to be examined (384 sequencing reactions per each of nine 

30 PACs). 



Assembly of DNA sequences 

Phred/Phrap was used for DNA sequences assembly. This program 
was developed by Dr. Phil Green and licensed from the University of Washington 
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(Seattle, WA). Phred/Phrap consists of the following programs: Phred for base- 
calling, Phrap for sequence assembly, Crossmatch for sequence comparisons, Consed 
and Phrapview for visualization of data, Repeatmasker for screening repetitive 
sequences. Vector and E. coli DNA sequences were identified by Crossmatch and 
5 removed from the DNA sequence assembly process. DNA sequence assembly was on 
a SUN Enterprise 4000 server running a Solaris 2.51 operating system (Sun 
Microsystems Inc., Mountain View, CA) using default Phrap parameters. The 
sequence assemblies were further analyzed using Consed and Phrapview. 

10 Genomic sequence of the KCNQ5 gene and its exon/intron organization 

Genomic DNA sequence from PAC 141B1 was compared with 
GenBank database entries using the BLASTN and BLASTX algorithms of the AceDB 
package. This comparison originally revealed a total of 5 exons (exons 3(D), 4 (A), 
5(B), 6(E), and 7(C) delineated in Figure 1), based on their homology to the known 

15 potassium channel genes KCNQ1, KCNQ2, KCNQ3, and KCNQ4. Full-length 

cDNA was rescued from the pools of the human fetal brain cDNA library using the 
RCCA technique described in Example 2. Comparison of the cDNA sequence and 
genomic sequence of PAC141B1 revealed a total of 8 exons (exons 3-10 delineated in 
Figurel). Genomic regions corresponding to exons 1,2, and 11-14 were not present in 

20 PAC141B1. 

In order to identify the genomic region corresponding to exon 2 and its 
right flanking intron, oligonucleotide KCN-2L2 

(TTTTCTCCTTGTCTTTGGTTGCTTG; SEQJD.NO.ill) from the KCNQ5 cDNA 
in combination with the adaptor primer API 

25 (CC ATCCT A AT ACG ACTC ACT AT AGGGC ; SEQ.ID.NO.: 12) was used to PCR- 
amplify the DNA from a GenomeWalker kit purchased from Clontech (Palo Alto, 
CA). Diluted PCR product was subjected to PCR amplification with nested primer 
KCN-2L1 (CCTCAAGTTGCCTCTTGATCCTG; SEQ.ID.NO.: 13) in combination 
with the nested adaptor primer AP2 ( ACTC ACT AT AGGGCTCG AGCGGC ; 

30 SEQ.KXNO.:14). 

In order to identify the genomic region corresponding to exon 2 and its 
left flanking intron, oligonucleotide KCN-2R1 

(CAGGATCAAGAGGCAACTTGAGG; SEQ.ID.NO.: 15) from the KCNQ5 cDNA 
in combination with the adaptor primer API 
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(CCATCCTAATACGACTCACTATAGGGC; SEQ.ID.NO.: 12) was used to PCR- 
amplify the DNA from a GenomeWalker kit purchased from Clontech (Palo Alto, 
CA). Diluted PCR product was subjected to PCR amplification with nested primer 
KCN-2R2 (CCAATTTTGTGTGCTCAGGGATGGTAGA; SEQ.ID.NO.: 16) in 
5 combination with the nested adaptor primer AP2 

(ACTCACTATAGGGCTCGAGCGGC; SEQ.ID.NO.: 14). 

In order to identify the genomic region corresponding to exon 1 1 and 
its right flanking intron, oligonucleotide KCN-11L1 (G AC AC AGCCCTTGGC ACT ; 
SEQ.ID.NO.:17) from the KCNQ5 cDNA in combination with the adaptor primer 

10 API (CCATCCTAATACGACTCACTATAGGGC; SEQ.ID.NO.: 12) was used to 
PCR-amplify the DNA from a GenomeWalker kit purchased from Clontech (Palo 
Alto, CA). Diluted PCR product was subjected to PCR amplification with nested 
primer KCN-1 1L2 (G ATG ATGT AT ATG ATG AA AA AGG ATG ; SEQ.ID.NO.: 18) in 
combination with the nested adaptor primer AP2 

15 (ACTCACTATAGGGCTCGAGCGGC; SEQ.ID.NO.: 14). 

In order to identify the genomic region corresponding to exon 1 1 and 
its left flanking intron, oligonucleotide KCN-1 1R1 

(CTGATAGCTCGAATGACAGTTTT; SEQ.ID.NO.:19) from the KCNQ5 cDNA in 
combination with the adaptor primer API 

20 (CCATCCTAATACGACTCACTATAGGGC; SEQ.ID.NO.: 1 2) was used to PCR- 
amplify the DNA from a GenomeWalker kit purchased from Clontech (Palo Alto, 
CA). Diluted PCR product was subjected to PCR amplification with nested primer 
KCN1 1-R2 (AAGTGGTGGGGTGAGGTCTTCCACTG; SEQ.ID.NO.:20) in 
combination with the nested adaptor primer AP2 

25 (ACTCACTATAGGGCTCGAGCGGC; SEQ.ID.NO.:14). 

In order to identify the genomic region corresponding to exon 12 and 
its right flanking intron, oligonucleotide KCN-12L1 (AGA ATT ATG AAA TTT 
CAT GTT GCA; SEQ.ID.NO.:21) from the KCNQ5 cDNA in combination with the 
adaptor primer API (CCATCCTAATACGACTCACTATAGGGC; SEQ.ID.NO.:12) 

30 was used to PCR-amplify the DNA from a GenomeWalker kit purchased from 

Clontech (Palo Alto, CA). Diluted PCR product was subjected to PCR amplification 
with nested primer KCN-1 2L2 (AAA CGG A AG TTT AAG GAA AC A TT; 
SEQ.ID.NO.:22) in combination with the nested adaptor primer AP2 
(ACTCACTATAGGGCTCGAGCGGC; SEQ.ID.NO.: 14). 



-33- 



WO 00/61606 



PCT/US00/09587 



In order to identify the genomic region corresponding to exon 12 and 
its left flanking intron, oligonucleotide KCN-12R1 (ACG TGT TTG TTG GCT TTT 
AAT TC; SEQJD.NO.:23) from the KCNQ5 cDNA in combination with the adaptor 
primer API (CCATCCTAATACGACTCACTATAGGGC; SEQ.ID.NO.: 12) was 
5 used to PCR-amplify the DNA from a GenomeWalker kit purchased from Clontech 
(Palo Alto, CA). Diluted PCR product was subjected to PCR amplification with 
nested primer KCN-12R2 ( TAG ACA ACA TGT CCA GAT GAC; 
SEQ.ID.NO. :24) in combination with the nested adaptor primer AP2 
(ACTCACTATAGGGCTCGAGCGGC; SEQ.ID.NO.: 14). 
10 In order to identify the genomic region corresponding to exon 13 and 

its right flanking intron, oligonucleotide KCN-13L1 

(TGATCAAATTCTTGGAAAAGGG; SEQ.ID.NO.:25) from the KCNQ5 cDNA in 
combination with the adaptor primer API 

(CCATCCTAATACGACTCACTATAGGGC; SEQ.ID.NO.: 12) was used to PCR- 
15 amplify the DNA from a GenomeWalker kit purchased from Clontech (Palo Alto, 

CA). Diluted PCR product was subjected to PCR amplification with nested primer 

KCN-13L2 (TCACATCAGATAAGAAGAGCCGA; SEQ.ID.NO.:26) in 

combination with the nested adaptor primer AP2 

(ACTCACTATAGGGCTCGAGCGGC; SEQ.ID.NO.: 14). 
20 In order to identify the genomic region corresponding to exon 13 and 

its left flanking intron, oligonucleotide KCN-13R1 

(GTTTTTCAACCTTGACCACCC; SEQ.ID.NO.:27) from the KCNQ5 cDNA in 
combination with the adaptor primer API 

(CCATCCTAATACGACTCACTATAGGGC; SEQ.ID.NO.:12) was used to PCR- 
25 amplify the DNA from a GenomeWalker kit purchased from Clontech (Palo Alto, 
CA). Diluted PCR product was subjected to PCR amplification with nested primer 
KCN-13R2 (AGCATACTGAGATCGTCTGTGGT; SEQ.BD.NO.:28) in combination 
with the nested adaptor primer AP2 (ACTCACTATAGGGCTCGAGCGGC; 
SEQ.ID.NO.: 14). 

30 In order to identify the genomic region corresponding to exon 14 and 

its left flanking intron, oligonucleotide KCN- 

2543R( AATTCC A AAAGTGTCTGTCTCTGTC ; SEQ.K).NO.:29) from the KCNQ5 
cDNA in combination with the adaptor primer API 

(CCATCCTAATACGACTCACTATAGGGC; SEQ.ID.NO.: 12) was used to PCR- 
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amplify the DNA from a GenomeWalker kit purchased from Clontech (Palo Alto, 
CA). Diluted PCR product was subjected to PCR amplification with nested primer 
KCN-2512R (GGACCCACCTCTTCATCAGTTA; SEQ.ID.NO.:30) in combination 
with the nested adaptor primer AP2 (ACTCACTATAGGGCTCGAGCGGC; 
5 SEQ.ID.NO.:14). 

Products obtained from these PCR amplifications were analyzed using 
ABI 377 sequencers according to standard protocols. Comparison of the full-length 
KCNQ5 cDNA sequence with the sequences of PAC 14 IB land sequences obtained in 
PCR reactions with DNA from the GenomeWalker kit revealed all 14 exons of the 
10 KCNQ5 gene. Exact sequence of exon/intron boundaries within the KCNQ5 gene 
were determined for exons 2-14. The splice signals in all introns conform to 
published consensus sequences. 

EXAMPLE 2 

15 Cloning of KCNQ5 cDNA 

The DNA sequence of the cDNA fragment that matches exons 3(D), 
4 (A), 5(B), 6(E), and 7(C) of the KCNQ5 was deduced from the genomic sequence 
of PAC 141B1. Subsequent sequencing of PCR fragments obtained in RCCA 
reactions confirmed the presence of this fragment in the cDNA library from human 

20 fetal brain. This original cDNA fragment corresponds to the cDNA region with 
coordinates 368-1,004 in Figure 2. 

A PCR based technique termed Reduced Complexity cDNA Analysis 
(RCCA) was used to extend this original cDNA fragment. RCCA is similar to 
procedures reported by Munroe et ah, 1995, Proc. Natl. Acad. Sci. USA 92: 2209- 

25 2213 and Wilfinger et al., 1997, BioTechniques 22:481-486 and relies upon a PCR 
template that is a pool of approximately 20,000 cDNA clones; this reduces the 
complexity of the template and increases the probability of obtaining longer PCR 
extensions. 

96 wells of a human fetal brain plasmid library were scanned, 20,000 
30 clones per well, by amplifying a 483 bp PCR product using primers KCN-DL 
(GG A AG ACTG AGGTTTGCTCG ; SEQJD.NO.31) and KCN-ER 
(GGCAGGAAGTGCAAAGAAAG; SEQ.ID.NO.32). Eight wells were found to 
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contain the correct 483 bp fragment by PCR analysis. 5' and 3' RACE was 
subsequently performed on the positive wells containing the plasmid cDNA library 
using a vector specific primer and a gene specific primer. The vector specific primers 
, PBS 543R (GGGGATGTGCTGCAAGGCGA; SEQ.ID.NO.33) and PBS 873F 
5 (CCC AGGCTTT AC ACTTT ATGCTTCC ; SEQ.ED.NO.34) were both used in 
combination with gene specific primers KCN-DL and KCN-ER because the 
orientation of the insert was not known. After the initial PCR amplification, a nested 
PCR reaction was performed using nested vector primers PBS 578R 
(CC AGGGTTTTCCC AGTC ACG AC ; SEQ.ID.NO.35) and PBS 838F 
10 (TTGTGTGG AATTGTG AGCGG AT AAC ; SEQ.ID.NO.36) and gene specific 

primers KCN-EL (CTTTCTTTGC ACTTCCTGCC ; SEQ.ID.NO.37) and KCN-DR1 
(AACACAGAAGGGCTTTCGAG; SEQ.ID.NO.38). The PCR products were 
separated from the unincorporated dNTP's and primers using Qiagen, QIAquick PCR 
purification spin columns using standard protocols and resuspended in 30 \xl of water. 
15 The products were analyzed on ABI 377 sequencers according to standard protocols. 

PCR fragments were assembled into a contig termed "KCN consensus 
2_16_99" that corresponds to the cDNA region with coordinates 278-1,456 in Figure 
2. A second round of the RCCA analysis was performed to obtain the clones 
extending to the 3' end of the cDNA contig termed "KCN consensus 2_16_99". 96 
20 wells of a human fetal brain plasmid library were scanned, 20,000 clones per well, by 
amplifying a 1 17 bp PCR product using primers KCN-11L1 
(G AC AC AGCCCTTGGC ACT ; SEQ.ID.NO.17) and KCN-1 1R1 
(CTG AT AGCTCG A ATG AC AGTTTT ; SEQ.ID.NO.19) that were derived from the 
3' sequence of the cDNA contig termed "KCN consensus 2_16_99". A number of 
25 wells were found to contain the correct 1 17 bp fragment by PCR analysis. 3' RACE 
was subsequently performed on the positive wells containing the plasmid cDNA 
library using a vector specific primer and a gene specific primer. The vector specific 
primers, PBS 543R (GGGGATGTGCTGCAAGGCGA; SEQ.ID.NO.33) and PBS 
873F (CCC AGGCTTT AC ACTTT ATGCTTCC ; SEQ.ID.NO.34) were both used in 
30 combination with gene specific primer KCN-1 1L1 (GACACAGCCCTTGGCACT; 
SEQ.ID.NO. 17) because the orientation of the insert was not known. After the initial 
PCR amplification, a nested PCR reaction was performed using nested vector primers 
PBS 578R (CC AGGGTTTTCCC AGTC ACG AC ; SEQ.BD.NO.35) and PBS 838F 
(TTGTGTGG AATTGTG AGCGG AT A AC ; SEQ.ID.NO.36) and gene specific primer 
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KCN11-R2 ( A AGTGGTGGGGTG AGGTCTTCC ACTG ; SEQ.ED.NO.20). The PCR 
products were separated from the unincorporated dNTPs and primers using Qiagen, 
QIAquick PCR purification spin columns using standard protocols and resuspended in 
30 |Lil of water. The products were analyzed on ABI 377 sequencers according to 
5 standard protocol s . 

PCR fragments were assembled into a contig termed "KCN consensus 
2_26_99" that corresponds to th6 cDNA region with coordinates 278-2,527 in Figure 
2, A third round of RCCA analysis was performed to obtain the clones extending to 
the 5' end of the cDNA contig termed "KCN consensus 2_26_99". 96 wells of a 

10 human fetal brain plasmid library were scanned, 20,000 clones per well, by 
amplifying a 214 bp PCR product using primers KCN-2L2 
(TTTTCTCCTTGTCTTTGGTTGCTTG; SEQ.ID.NO.il) and KCN-DR1 
(AACACAGAAGGGCTTTCGAG; SEQ.ID.NO.38) that were derived from the 5' 
sequence of the cDNA contig termed "KCN consensus 2_J26_99". A number of 

15 wells were found to contain the correct 214 bp fragment by PCR analysis. 5' RACE 
was subsequently performed on the positive wells containing the plasmid cDNA 
library using a vector specific primer and a gene specific primer. The vector specific 
primers, PBS 543R (GGGGATGTGCTGCAAGGCGA; SEQJD.NO.33) and PBS 
873F (CCC AGGCTTT AC ACrnT ATGCTTCC ; SEQ.ID.NO.34) were both used in 

20 combination with gene specific primer KCN-DR1 

(AACACAGAAGGGCTTTCGAG; SEQ.ID.NO.38) because the orientation of the 
insert was not known. After the initial PCR amplification, a nested PCR reaction was 
performed using nested vector primers PBS 57 8R 
(CC AGGGTTTTCCC AGTC ACGAC ; SEQ.ID.NO.35) and PBS 838F 

25 (TTGTGTGGAATTGTGAGCGG AT AAC ; SEQ.ID.NO.36) and gene specific primer 
KCN-DR2 (C AGTCTTCCTTGCC ATCCTC ; SEQ.BD.NO.39). The PCR products 
were separated from the unincorporated dNTPs and primers using Qiagen, QIAquick 
PCR purification spin columns using standard protocols and resuspended in 30 |Lil of 
water. The products were analyzed on ABI 377 sequencers according to standard 

30 protocols. 

PCR fragments were assembled into a contig termed "KCN consensus 
3_3_99" that corresponds to the cDNA region with coordinates 1-2,527 in Figure 2. 
A fourth round of RCCA analysis was performed to obtain the clones extending to the 
3' end of the cDNA contig termed "KCN consensus 3_3_99'\ 96 wells of a human 
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fetal brain plasmid library were scanned, 20,000 clones per well, by amplifying a 145 
bp PGR product using primers KCN-2106L (GC AGCCCC A AC A ACTTT AC A ; 
SEQ.ID.NO.40) and KCN-2250R (CATTTTCCTTGGAGGCAACA; 
SEQ.ID.NO.41) that were derived from the 3' sequence of the cDNA contig termed 
5 "KCN consensus 3_3_99*\ A number of wells were found to contain the correct 214 
bp fragment by PCR analysis. 5* RACE was subsequently performed on the positive 
wells containing the plasmid cDNA library using a vector specific primer and a gene 
specific primer. The vector specific primers , PBS 543R 
(GGGGATGTGCTGCAAGGCGA; SEQ.ID.NO.33) and PBS 873F 
10 (CCCAGGCTTT AC ACTTT ATGCTTCC ; SEQ.ID.NO.34) were both used in 
combination with gene specific primer KCN-2106L 

(GC AGCCCC A AC A ACTTT AC A ; SEQ.ID.NO.40) because the orientation of the 
insert was not known. After the initial PCR amplification, a nested PCR reaction was 
performed using nested vector primers PBS 578R 

15 (CC AGGGTTTTCCC AGTC ACG AC ; SEQ.ED.NO.35) and PBS 838F 

(TTGTGTGGAATTGTGAGCGGATAAC; SEQ.ID.NO.36) and gene specific primer 
KCN-2165L (GCCAGAAACTCTGCACCCTA; SEQ.ID.NO.42). The PCR 
products were separated from the unincorporated dNTPs and primers using Qiagen, 
QIAquick PCR purification spin columns using standard protocols and resuspended in 

20 30 of water. The products were analyzed on ABI 377 sequencers according to 
standard protocols; PCR fragments were assembled into a contig termed "KCN 
consensus 3_15_99" that corresponds to the cDNA sequence depicted in Figure 2. 

EXAMPLE 3 

25 Analysis of expression of KCNQ5 

RT-PCR: RT-PCR experiments were performed on "quick-clone" 
human cDNA samples available from Clontech, Palo Alto, CA. cDNA samples from 
heart, brain, placenta, lung, liver, skeletal muscle, kidney, pancreas, and retina were 
amplified with primers KCN-DL (GGAAGACTGAGGTTTGCTCG; SEQ JD.NO.31) 
30 and KCN-ER (GGCAGGAAGTGCAAAGAAAG; SEQ.ID.NO.32) in the following 
PCR conditions: 
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94°C 10 min 
94°C 30 sec 

72°C 2 min (decrease this temperature by 1 . 1 °C per cycle) 
72°C 2 min 

Go to step 2 21 more times 
94°C 30 sec 
55°C 2 min 
72°C 2 min 

Go to step 6 19 more times 
72°C 7 min 
4°C 

The KCNQ5 gene was found to be predominantly expressed in human 
retina and brain (Figure 3B). 

Northern blot analysis: Northern blots containing poly(A+)-RNA 
from human heart, brain, placenta, lung, liver, skeletal muscle, kidney, pancreas were 
purchased from Clontech, Palo Alto, CA. Primers KCN-DL 
(GGAAGACTGAGGTTTGCTCG; SEQ.ID.NO.31) and KCN-ER 
(GGCAGGAAGTGCAAAGAAAG; SEQ.ID.NO.32) were used to amplify a PCR 
product of 483 bp from a quick-clone human retina cDNA available from Clontech, 
Palo Alto, CA. This fragment was purified on an agarose gel, the DNA extracted and 
used as a probe for Northern blot hybridization. 

The probe was labeled by random priming with the Amersham 
Rediprime kit (Arlington Heights, IL) in the presence of 50-100 uCi of 3000 
Ci/mmole [alpha 32pjdCTP (Dupont/NEN, Boston, MA). Unincorporated 
nucleotides were removed with a ProbeQuant G-50 spin column (Pharmacia/Biotech, 
Piscataway, NJ). The radiolabeled probe at a concentration of greater than 1 x 106 
cpm/ml in rapid hybridization buffer (Clontech, Palo Alto, CA) was incubated 
overnight at 65°C. The blots were washed by two 15 min incubations in 2X SSC, 
0.1% SDS (prepared from 20X SSC and 20 % SDS stock solutions, Fisher, 
Pittsburgh, PA) at room temperature, followed by two 15 min incubations in IX SSC, 
0.1% SDS at room temperature, and two 30 min incubations in 0.1X SSC, 0.1% SDS 
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at 60°C. Autoradiography of the blots was done to visualize the bands that 
specifically hybridized to the radiolabeled probe. 

The probe hybridized to an mRNA transcript that is predominately 
expressed in brain and retina (Figure 3A). 

5 

The present invention is not to be limited in scope by the specific 
embodiments described herein. Indeed, various modifications of the invention in 
addition to those described herein will become apparent to those skilled in the art 
from the foregoing description. Such modifications are intended to fall within the 
10 scope of the appended claims. 

Various publications are cited herein, the disclosures of which are 
incorporated by reference in their entireties. 
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